ABSTRACT
INTRODUCTION
The proliferation of database tools has revolutionized information systems and information technology. Typically, data is a vital asset to each organization and many administration systems and web applications are based on databases. Therefore, database design and development is one of the significant subjects that should be considered in both undergraduate and postgraduate courses concerned with Computing, Information Systems, Information Technology and Software Engineering disciplines as well as other disciplines such as: business, media, finance and education. Therefore, a set of teaching, learning and assessment of databases (TLAD) workshops have been organized that gather together database academics to discuss and share their teaching, learning and assessment experiences and thus identify the gaps that could be improved in the area as well as to cope with the rapid growth of database technology.
Based on these contributions, database teaching, learning and assessment has been approached from different perspectives. That is, the creation of new syllabus for teaching new database technologies to improve the student knowledge, introduction of real-life applications and research of different database topics, the creation of syllabus for non-IT students, cooperative and team work learning, scenario-based learning and assessment, theory and practice aspects of teaching databases and the introduction of XML, SQL, Oracle, data mining and data warehousing technologies into the teaching process of databases. Moreover, some contributions emphasize only one particular aspect of teaching, learning or assessment. For instance, some papers concentrate on teaching, while others discuss learning, and other papers focused on assessment aspects. This paper will review a selection of the TLAD contributions that have been produced. The rationale was to select papers which covered a variety of contributions on different topics, in order to provide a broad review of diverse pedagogical approaches that have been used in the teaching, learning and assessment of databases. For that reason, the following sections are to be incorporated in this paper. Following this introduction, the second section will provide an overview of the teaching, learning and assessment of databases workshops, while the third section will review contributions that focus on the teaching of databases. The learning of databases will be discussed in the fourth section, and after that in the fifth section, a discussion focusing on assessment will be provided. Finally, a conclusion will be provided as well as a set of recommendations for future TLAD workshops. to proactively support the workshops. As well as attracting both database teachers and researchers from within the UK academic community, the workshops have been far-reaching, consistently attracting attendance and engagement from outside of the UK. The aim of the workshops is to promote, discuss and disseminate good practice, as well as explore and progress novel approaches to the learning, teaching and assessment of databases within the database community.
REVIEW OF DATABASE TEACHING
Based on previous TLAD contributions, most of the workshop papers have discussed the importance of theory and practice in the area of database teaching. Many authors have emphasized on teaching the theoretical aspects in database modules as a first step in order to enable the students to understand the fundamental concepts of databases such as: entities, relations and keys. Then practical sessions are organized for these students to enable them to apply these concepts in real life problems through the use of different database technologies such as: Access and Oracle. Njovu (2003) from the University of Greenwich has stated that a good amalgamation of theory and practice in teaching databases would assist the students to develop the required skills and confidence for the industrial challenge as it enables the students to get through the full learning cycle. Basically, the main reason for this teaching approach is to enable students to have a good and fundamental understanding of these concepts initially in order to reduce the number of errors and difficulties while applying these concepts in practice. In this respect, Mohtashami and Scher (2000) have discussed a phased teaching strategy based on Gorman's simpler taxonomy. They have suggested that in the first level, fundamental database concepts should be taught such as: entities, relations, keys, dependencies, database recovery and back up. While in the second level, practical tutorials are incorporated which enable students to learn the use of these concepts in practice such as: the drawing of Entity-Relationship diagrams (ERDs) and the writing of SQL statements. Finally, in the third level, a problem or scenario based approach is adopted where the students understand and analyze the given problem and apply their previous knowledge to solve it.
Iqbal and James (2008) from Coventry University have also discussed the scenario-based teaching approach in detail. They have concluded that this strategy is extremely useful in terms of promoting deep learning where the students are encouraged to understand the scenario, relate new experience and ideas to their prior knowledge. Moreover, they have conducted a survey to evaluate this approach and have found that the students do like this approach and feel that it helped them to think beyond the traditional reading materials as well as enabling them to recognize when their acquired knowledge is relevant.
Many authors, such as Marlowe et al (2005) , have discussed the importance of database design and modelling in teaching databases. These authors have stated that the growing significance of database design for large applications makes database design a major issue in database courses. They have also stated that a common approach to database design such as Unified Modelling Language (UML) and Entity Relationship (ER) modelling will aid the students to acquire concepts and knowledge. Similarly, Eaglestone and Baptista Nunes (2003) from the University of Sheffield have documented that the teaching of good design is extremely important where a good and understandable design methodology should be considered. Moreover, these authors have stated that it is crucial to teach how to create models initially and then how the created models can be mapped to the database development part.
Moreover, Nelson et al (2003) from the University of Sunderland have discussed in their paper "An evaluation of a diverse database teaching curriculum and the impact of research" the impact of research and literature reviews into database teaching. They have provided an interesting discussion on the integration of research in teaching databases at both the undergraduate and postgraduate level in order to introduce research and information gathering skills to students as well as to enable them to produce research articles and thus train them for further academic study. In fact, at this level the students research and evaluate existing literature on database topics to gain a deep knowledge in database topics such as: relational and object-oriented data 79 ITALICS Volume 9 Issue 1 February 2010 ISSN: 1473-7507 modelling theory. Typically, these authors have stated that the research should be integrated into the final year of study since at this level students have a good knowledge of theoretical concepts and the practical aspects of database such as the use of database management systems.
As discussed earlier, databases have become an important subject for non-IT disciplines such as: business, education and media. This is due to the pervasive nature of computing and database applications as well as the importance of data in various fields and the decision making process. Accordingly, there are many opportunities for students with different skills and from different backgrounds to study databases. For that reason some authors such as Benfell et al (2006) from the University of Luton introduce a multi-disciplinary approach for teaching database development. Typically, the aim of this approach is to equip non-IT graduate students with the understanding, skills and knowledge to use computing and information systems techniques in their field of expertise through exploring applied practices and principles to allow them to develop a relational database system as a solution to particular problems in particular application areas. This approach consists of a set of modules such as: applied programming to solve real world problems, data modelling and management, as well as internet development. Moreover, this teaching approach of databases should take into consideration the different backgrounds of students. However, these authors have concluded that accommodating the diverse abilities and skills of students in the curriculum is a challenge. Therefore, the various backgrounds of each graduate should be carefully considered in order to improve their knowledge of database development and thus apply it along with their prior experiences through the use of case studies, for instance.
Another database teaching approach that has been discussed was the student-centred approach for trainee teachers. Dagg et al (2005) , from the University of Sunderland, provided an interesting discussion in relation to this approach. They presented a teaching approach whereby the students shape and take a considerable level of control over their learning pedagogies. For instance, the students will be responsible to run the sessions through doing presentations for different topics in groups in the classroom. Basically, their approach consisted of a set of steps as follows:
In the first step, prior experience of students should be considered. That is, students with no prior database experience should not be given complex tasks. Additionally, they have divided the students into a set of groups where each group consisted of students with different experiences; In the second step, teachers should ensure that the students recognize the importance of their groups; In the third step, teachers explain what they expect from their students during the module.
From the viewpoint of these authors, this approach was beneficial to their students since they will be future database teachers. In this respect, students were encouraged to form support groups where they carry out a range of group work activities throughout the module. Thus, they were deeply engaged with the material rather than simply following the given instructions. This assists them to teach databases more effectively to groups of pupils in the future. Moreover, these authors have also emphasized the importance of the tutor whose role is to support, guide and supervise these students throughout their module as well as to assist them in accessing the required course materials.
As previously discussed, practical sessions are an important stage in the teaching process since it enables students to apply their knowledge using enterprise-level database application development tools such as Oracle. For that reason, there have been many contributions concerning this aspect. Tomlinson and Gardner (2008) from the University of Gloucestershire have discussed the use of the Oracle Application Express (APEX) tool in integrating and teaching database development to undergraduate students. They have stated that APEX is a good tool for database development and is a viable rival to Microsoft Access for novice developers. Oracle APEX is basically a database application development tool with a graphical user interface for database creation, forms and reports through the use of wizards, SQL queries, user accounts and webbased applications that link to a principal database stored in an Oracle server. Furthermore, more useful and sophisticated applications could be developed through the use of PL/SQL statements and other oracle tools. These authors have also outlined that this tool provides the students with comprehensive coverage of database application development, support and maintenance attributable to its web-based nature.
A further contribution which has extended the work of Tomlinson and Gardner was introduced in the 7th Workshop on Teaching, Learning and Assessment in Databases by Monger et al (2009) from Southampton Solent University in their paper "More on Oracle APEX for Teaching and Learning". These authors have focused on the administration, scalability and reliability for teaching and learning of introductory database application development, promotion and monitoring of engagement, and the feedback of the learning and 80 ITALICS Volume 9 Issue 1 February 2010 ISSN: 1473-7507 teaching of more advanced database applications. Typically, they have introduced a guide for the administration of their university APEX development environment to ensure that this tool can be effectively used by the students. Additionally, they have designed, developed and tested the workspace as a core APEX development framework for each class that is linked with an Oracle supplied OEHR (Order Entry, Human Resource) database. Also, they have stated that the accessibility, application window and the monitoring activity facilitates the engagement of the learning and the feedback of this tool and that this is due to the webbased facility that can be accessed from any IT area at the university. In addition, the monitoring and the feedback were facilitated through the application window and the monitoring activity that provides statistical data concerning the development of applications by end users. Furthermore, these authors have discussed how this tool facilitates the development of more advanced database application aspects such as: access control, auditing within DBMS and concurrency control. However, they have discussed some of the issues they have experienced from using Oracle APEX. For instance, they have stated that shared workspaces limit the development of the database schema and the use of compound keys, as well as raising the issue of workspace plagiarism and insufficient "Monitoring Activity" data to help it. Therefore to improve the use of APEX in relation to the identified issues earlier, a more methodical approach to applying APEX for developing applications will be established. In general, all the contributions made in relation to this tool concluded that it is a useful tool for teaching enterprise database development.
Another crucial topic that has been considered was the teaching of SQL. This is a vital skill that students should master while studying database development, given that SQL is undoubtedly the most commonly used database query language in industry. Renaud and Van Biljon (2004) from the Universities of Glasgow and South Africa respectively have provided interesting discussions about teaching SQL. They have discussed and compared two different pedagogical approaches to teaching SQL, applied at different universities, in terms of cognitions and mental models and how well students master SQL. They have stated that usually students form mental models which are a representation of reality produced by the students to anticipate particular events. Based on their comparisons, the two institutions adopted different approaches for teaching SQL. At institution A, students are good in querying their databases since they are exposed to SQL syntax in a discovery-based manner using a visual interface, but it was found that they do not master the intricacies of SQL. However, at institution B, students first learn how to formulate SQL queries on paper progressively before using a SQL tool. They have concluded that the pedagogical paradigm adopted by institution B is better than the pedagogical paradigm adopted by institution A. This is because at institution B an algorithmic approach is followed, which is a tool-independent approach that supports the understanding and the solving of common problems. This approach provides more support for the mental model as the students' algorithmic abilities are developed. Additionally, they have also stated that institution A could have used the approach of institution B where SQL intricacies should be considered first to teaching SQL, and then a database tool should be used. Generally, these authors concluded that it is essential that students understand the basic SQL concepts initially and then more advanced SQL concepts and tools can be used after they have mastered the basic concepts.
REVIEW OF DATABASE LEARNING
As previously discussed, some contributions emphasized the students' learning experience of databases. Davis and Arndt (2009) from the University of Cincinnati gave an invited presentation in which they discussed new methods for teaching database concepts through the use of interactive and collaborative learning experiences inside and outside of the classroom environment. These authors have introduced a blueprint of the activities and their assessments for learning database design that aligns the content of the course with the cognitive processes and the knowledge domains according to Bloom's revised taxonomy (Anderson and Krathwohl, 2001 ). Based on the course blueprint, the knowledge dimension consists of four stages, which are: Factual stage to learn the terminology; Conceptual stage to learn and understand the ideas and concepts; Procedural stage to perform actions; Meta-cognition stage to reflect the knowledge gained throughout these stages.
Each stage consisted of teaching goals, learning objectives, learning experience and finally an evaluation plan to assess the achievement of the teaching goals. Based on the authors' discussions, the novel methods to enhance the interactive and collaborative learning experience consisted of a set of in-class activities to understand, apply and analyze small examples. These in-class activities were carried out in groups where the students learned different topics and then practiced problem solving in particular topic 81 ITALICS Volume 9 Issue 1 February 2010 ISSN: 1473-7507 areas. For instance: the course undertakes writing fundamental SQL statements on the first day and then more advanced topics are discussed throughout the module such as: normalization, data models, query optimization, transaction processing, database architectures and physical storage. For example, the normalization topic uses a flawed database design where the students have to identify potential storage anomalies. Moreover, the in-class activities provide a way to track the students' attendance and participation, whereas the out-of-class activities consist of a set of projects that are also carried out based on group work.
Another contribution that looked at the design of coursework to enhance the learning experience of students to develop dynamic internet applications was carried out by Cooper (2009) from the University of Glasgow. Basically, the coursework involves the learning of several topics and the use of a wide range of interacting technologies. The main goal is to enable the students to perceive how these different interacting technologies fit together in a comprehensibly structured way. To learn these technologies individually is simple. However, the main dilemma with this approach is that assembling these technologies in order to contribute to the final solution is difficult and it will overwhelm the students since they have to learn and integrate a number of technologies including: client-side and server-side scripting language; database access; protocols for message passing; web services; and XML data models. In this course, there are some tasks that students should accomplish as parts of the exercise that will be beyond the range of an average student to complete. Therefore, the students are divided into small groups, normally with three members. Each member concentrates on completing a particular task in the exercise, then each group discusses, understands and integrates their tasks into a complete solution for the exercise. Typically, to maintain the students' interest, a particular application is selected whose structure is distributed and requires the use of a wide range of technologies. Each group can then operate as a node in the network. The exercise consists of a set of tasks where each task requires the use of particular technologies to complete. These tasks are:
The creation of databases through the use of Oracle and MySQL; Design of a consistent page structure; The creation of CSS to provide an attractive interface; Writing web pages for the user management system; Writing further pages to deliver the functionality for customers; Adding some secure pages for staff; Producing a standalone content management system; Creating an XML description of the core database;
Creating an XML file that will be stored in an XML repository; Absorbing the XML files from other groups.
After the completion and the integration of these tasks, the students are required to produce two reports. In the first report, they detail their work as a group to develop the application including entity-relationship diagrams, design diagrams, style guidelines and navigation diagrams. While in the second report, they then describe how this technology would be used in different client devices. The author has stated that students have found that this course is enjoyable and it has enhanced their learning experience. Furthermore, the author has recommended a set of future developments to improve the course; this is due to the rapid development of database and internet programming technologies. For instance, the consideration of security aspects of internet programming and switching to peer-to-peer architectures is a remarkable idea where each group develops their site that will be considered as a server and a client at the same time in a shared environment. Ball and Leimich (2008) from the University of Abertay, Dundee, have discussed the proactive learning experience through the student-led teaching approach where the students learn by teaching their classmates. This is done through preparing and giving presentations on particular database topics. This approach was used for postgraduate students, particularly international students. They were divided into groups of 10-12 students and each student was required to present a particular database topic as a part of their group. These students self-organize their groups into sub-groups for the lectures and tutorials respectively. This process is supported by tutors that discuss the presentation aspects with the students a week before their presentations. Basically, the discussion is centred on the draft lecture slides and the tutorial questions. Moreover, an additional opportunity to practice delivery and presentation is offered through an one hour workshop with the University's Student Academic Support Team. The main objective of this module is to allow students to obtain deep knowledge of particular database topics. In this approach, students are required to produce lecture slides and then submit them to the module tutors before the presentation. Preparatory meetings with the module tutors are then arranged to discuss the draft lecture slides and tutorial questions in order to ensure 82 ITALICS Volume 9 Issue 1 February 2010 ISSN: 1473-7507 that the students are covering the fundamental aspects of a particular topic. Attendance to the preparatory meetings is compulsory and contributes to the individual grades. This approach assists the students to enhance their presentation, literature review skills, confidence building and clear speaking with deep knowledge as well as their ability to engage with the audience.
Esendal and Dean (2009) from De Montfort University have discussed a two year model to develop webbased business solutions which facilitates the learning of internet programming with databases. The model focuses on the learning of programming tools and databases using a three-tiered approach where internet programming using ASP.NET as a website development platform is included in the top tier, business intelligence is in the middle tier and then the database is in the bottom tier and is developed using ADO.NET. During the two year period, the students learn the fundamentals of ASP.NET, VB.NET and database processing in their first year of study through the use of a set of supporting tools such as: doctor code, which is a web-based tool that checks the created code files by the students and a detailed report is then generated for each code file; and SQL Trainer tool that enables students to practice the SQL commands. Moreover, the students are exposed to object-oriented development, focusing on the creation and the use of objects in their first year of study. In the second year, more advanced SQL is introduced as well as the design and implementation of classes including encapsulation and polymorphism aspects. Additionally, the students develop real life business applications to ensure that they acquire the sufficient knowledge to do so. However, this model does not incorporate database design components, since all the databases used are pre-designed. The reason for that is in the first and second year of their study, students should learn how to process existing databases in terms of real-life applications, while they recommend that the database design should be deferred until their third year of study. These authors emphasize peer-learning particularly in the first year and feedback provision to enhance the learning experience of students, while in the second year, peer-learning is reduced since the students are becoming more experienced with database processing.
Among TLAD contributions, there are a number of papers that have discussed the use of tools to support learning. For instance, Soler et al (2009) from the University of Girona, Spain have introduced the ACME-BD tool. This is a web-based e-learning tool for skills improvement and automatic assessment of the main database course topics. This tool includes five different modules to automatically correct: entity-relationship diagram solutions; relational database schemas; database normalization; relational algebra; and SQL statements. Basically, the teachers enter database problems into the system, and this generates exercises for each student. Subsequently, the students enter a solution to the exercise through the system's interface, and then the system automatically checks the solution and provides feedback to students, giving advice in the case of errors. The solutions provided by students are recorded and used for their assessments. According to these authors, this tool has been used since 2005 and a statistical analysis of the use of this tool during the recent four years has showed that this tool has improved the academic results and has facilitated the students' database learning process.
Finally, Goldberg (2009) from Martin-Luther-Universitat Halle has discussed an interesting topic regarding semantic errors that can occur in database queries. The author has stated that errors in SQL queries can be categorized as semantic errors when a SQL query does not always generate the intended results and syntactic errors when an entered character string is not a valid SQL query. This author has raised the issue that current database management systems, for instance Oracle, execute such queries without any warning messages. Therefore, it is recommended that a set of good tools should be developed to identify both types of error in order to enhance students' understanding of the differences between syntactic and semantic errors.
REVIEW OF DATABASE ASSESSMENT
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Assessment of databases has been one of the aspects that a number of TLAD contributors have focused on during their presentations. Harrison (2004) from Leeds Metropolitan University has discussed the delivery of computer-based assessment in the teaching of databases at level one through the virtual learning environment WebCT. Their assessment strategy consists of 50% for the practical database assignment and 50% for the summative end-of-module computer-based test where sets of questions on topics covered in the module were created. The type of questions used included true/false questions, matching from a list of options, multiple-choice with single correct answers and multiple-choice with several correct options. There was also the facility to include diagrams in the questions. However, there were some questions that could not be assessed through the use of a computer. For example, questions about normalization, since providing the students with a set of options to choose from would take away their opportunity to demonstrate that they can perform the normalization process. According to the author, computer-based assessment can play a useful part in the assessment of database courses at level one. The tool can also provide detailed statistical ISSN: 1473-7507 feedback on the performance of the test as a whole and of individual questions within it. The author has recommended to anyone intending to incorporate computer-based assessment to carefully consider the design of questions, the practicalities of running a test such as: security of questions, students' identities and the technical problems within the context of their institution. Moreover, the assessment process needs to be evaluated and improved each year. Waugh et al (2004) from The Open University have discussed their feasibility study and preliminary work on an automated assessment tool that automatically grades entity-relationship diagrams (ERDs) produced by students. These authors have discussed the division of their own ERD drawing tool that will enable them to control the format of the internal files and to customize the notations to those of the course material that the students are already familiar with from their study. Basically, the goal of this assessment tool as discussed by these authors is to analyze the correct diagrams, to analyze the imprecise diagrams, and then to apply the marking algorithm. This assessment tool consists of two stages, an identification stage and an interpretation stage.
In the identification stage, the tool identifies the minimal meaningful units (MMUs) found in the diagrams that represent an association, which is a pair of boxes connected by a link. While in the interpretation stage, the ERD diagram created by the student is compared with the solution model, which is a precise diagram that is correctly drawn using the domain diagram rules. This comparison is performed by a marking algorithm where a similarity measure is calculated between the solution model and the diagram created by the student. The presence of imprecise MMUs will weaken the similarity measure, while the presence of correct MMUs will strengthen the similarity measure. To maximize the benefits to students, this assessment tool will also provide qualitative and quantitative feedback to support the students' learning. The quantitative feedback is the mark assigned to the student solution, while the qualitative feedback includes a set of questions with specific examples of common errors. These can be represented as invalid or aggregated MMUs which will be associated with the appropriate feedback for the errors they represent. A mechanism to relate these example errors in the marking scheme to the imprecise MMUs in the student solution will enable directed feedback. Typically, these authors believe that the development of this ERD assessment tool will offer the scope to explore several areas of diagram interpretation and assessment in the future.
Finally, these authors have conducted an experiment to evaluate the use of this assessment tool where a set of student volunteers in the third level of the database course have been recruited. They have produced an ERD drawing tool that has been used by these volunteers, who have been asked to submit copies of their marked ERDs to the project team by email. Marked ERDs are forwarded to the course team by the Open University's assessment handling office in order to enable them to evaluate this feasibility study and then improve the diagram interpretation that is the marking algorithm.
CONCLUSION
A good understanding and fundamental knowledge of database concepts is extremely important to students in the computing domain as well as other domains. All of the previous workshops on teaching, learning and assessment of databases that have been organized have incorporated a set of interesting contributions in the database area. These contributions emphasized a collection of pedagogical approaches to improve the teaching, learning and assessment of databases in a constructive manner where ideas of introducing new applications, tools, internet programming, research, problem-solving approaches and teamwork to support the teaching, learning and assessment of databases have been considered. However, the teaching of databases is still a challenging area since students often demonstrate difficulties in understanding conceptual database notions. Therefore, it is important that these instructors should investigate the reasons for these difficulties and develop enhanced approaches that will assist the students in developing a good knowledge in this area.
